Abstract: In today's world, the exponential growth in technological advancements has allowed us to access information much faster and in a more convenient manner than ever before. On daily basis, consumers connect to the digital world through their smartphone devices in a variety of different methods. One of these methods is through QR codes which have become increasingly popular and effective in a variety of different industries. The underground mining industry needs the introduction of modern innovations that would facilitate the flow of information as well as increase the safety at work. There are many practical ways that QR codes can be used in underground mining industry. This paper presents a system of QR code integration in underground mining industry using smartphones, were each worker can receive information and data that are crucial for the successful performance of their work activities. Three scenarios for the application and integration of this system in the mines for underground exploitation will also be presented in this paper.
INTRODUCTION
QR code, which stands for "Quick Response", is a type of matrix barcode, first designed for the automotive industry in Japan (Okazaki et al., 2013) . A barcode is a machinereadable optical label that contains information about the item to which it is attached and is readable using smartphones or webcams. The purpose of the QR code is to act as a hyperlink that connects the physical world to the digital world through your smartphone (Pandya and Galiyawala, 2014) . With the exponential growth of technology, QR code has a wide range of applications, especially in the mining industry. QR code system can hold large amount of data with fast response time and the use of smartphones among all age groups made accessing QR code very easy by providing the end-user content, including item identification, personal details, time tracking, document management, etc. (Vongpradhip, 2013) .
The main advantage of the QR codes is that they are quick, cheap, and easy to employ. QR codes are computer generated and can be displayed in prints or on screens without any specific manufacturing processes. Users with a smartphone having a camera equipped with the correct reader application can scan the image of the QR code to display the end-user content that can include text, video, web page, etc. (Law and So, 2010) .
Unlike the traditional 1D bar code which stores data only in its length, QR codes store data in length and height which gives them a much bigger data capacity than is the case with 1D bar code. QR codes are in ISO/IEC 18004, which means that their specifications are open to the public all over the world through the International Organization for Standardization (Masalha and Hirzallah, 2014) .
The QR codes can store up to 7089 numeric characters, 4296 alphanumeric characters, 2953 binary bytes or a mixture of these, or they can connect with the Internet or with databases containing large amounts of data (Vongpradhip, 2013) .
Smartphones equipped with sensors, GPS and internet, enable engineers to increase work efficiency, create strategies for innovation, increase productivity, process management and provide an effective way of data collection (Sharma and Dheeraj, 2014; Wagner et al., 2014) . To avoid disadvantages between business needs and IT solutions, there is a need for constant communication between engineers and IT experts (Schobel et al., 2014) . Therefore, we have created an adaptable prototype model based on a previous analysis of the possibilities of combining mining and IT technologies. Figure 1 shows the possibilities for using QR codes in mining industry. 
USAGE OF QR CODES IN THE ENGINEERING INDUSTRY
Not surprisingly, QR codes are primarily being used by marketing companies but the functionality of QR codes is so versatile that they have been used by a great number of people, and the list only continues to grow and expand across a number of industries (Gu and Sun, 2013) . QR codes are not just a tool for marketing purposes, they can be used by anyone wanting to efficiently receive, transmit, access, or share data in a number of forms (Vazquez-Briseno et al., 2010) .
Engineering industry professionals have found innovative uses of QR codes in their daily work. Contractors, architects, engineers and developers are all using QR codes to improve productivity (Lorenzo et al., 2014) . Here are some ways in which engineering industry professionals are using QR codes to do their daily jobs more efficiently:
• QR codes placed on packaging of building materials to provide more detailed instructions for installation and assembly, • QR codes placed on signs at job sites which can include safety procedures and full contact information by auto-dialing emergency phone numbers, • QR codes placed at the proposed construction site that link to web pages or blog posts where concerned citizens can read details about the proposed project, • QR codes that provide contractors to look at project samples and gain access to the necessary information.
METHODS

Methodology for integration of QR code in underground mining industry
The methodology that will be presented in this paper for QR code integration in underground mining industry using smartphones consists of the steps presented in Figure 2 .
The first step is to define the boundaries of the system, which in this case is the implementation and integration of QR codes in the mines for underground exploitation.
The second step in this methodology is the development of computer/smartphone application that can be installed on any smartphone device. This computer/smartphone application must be associated with a database that will automatically be updated with new data at a time when the smartphone device is connected to a wireless network.
The third step is the development of a database that will contain all the necessary data and information needed by the miners inside the mine.
Because most mines for underground exploitation are limited in the wireless communication field and the wireless information flow inside the mine, this methodology proposes a simpler and cheaper system, which is installing a WI-FI device outside the mine at the entrance point. The fourth step in this methodology consists of installing a hot spot WI-FI outside of the mine where all mining workers will be able to update the data contained in the database by simply using the smartphone application.
Figure 2
Steps for implementation of the methodology for QR code integration in underground mining industry using smartphones
Design of the proposed model
The proposed model in this paper is based on a pre-comprehensive literature research and analysis of the capabilities of mobile devices to work with data on the go and to facilitate and automate the processes. The proposed model consists of three parts.
The first part is a cross-platform desktop application designed to manage the entire system.
The second part is a cross-platform mobile application designed for all existing mobile platforms with an emphasis on iOS and Android mobile platforms.
The third part of the proposed prototype model is represented by a cloud-based infrastructure that serves the whole data system. It is important to mention that the crossplatform approach we propose in this paper allows the system to run in the existing IT infrastructure and technical equipment in the mines without the need for additional investment. The proposed model is fully functional -technically adapted to all operating systems and platforms equally. Figure 3 visually represents the proposed cloud solution of the model. 
Desktop application
The first part of the proposed model consists of a cross-platform oriented desktop application. The application consists of 3 separate modules, the module for generating QR codes, the management module and the statistical module.
QR code creation module (Figure 4 ). Using this module, the administrator generates QR codes according to the needs of the mine. All generated codes are written in the central database, and after creation the code is ready for use.
Management module (Figure 4 ). This module takes a central place in this proposed model prototype. Using this module, the user is able to administer the system by entering data, monitoring the daily activities and monitoring the data arriving from mobile devices in real time. When registering a new employee for using the system, the IMEI code of the mobile device that the employee uses to connect to the system is mandatory. After registration of the mobile device in the system, the mobile application data on that mobile device becomes available to the system.
Figure 4 QR code Creation and management module
Statistics module ( Figure 5 ). This module is conceived as a module that generates reports on the overall use of the system. This module includes built-in programmable functionality for automatic creation based on the received data from the mobile application. The user can save the generated feeds in PDF. The statistical module enables monitoring the physical workload of the worker by measuring past steps and lost calories during the working day with the help of built-in sensors in mobile devices that automatically monitor these data (Case et al., 2015) . 
Smartphone application
The main advantage of mobile applications and their usage as real-time data tools is their high personalization and the ability they offer to constantly monitor the time and location of the device and transfer data to a server (Dehlinger and Dixon, 2011; Laurila et al., 2012) .
The second part of the proposed prototype model represents a cross-platform mobile application. To use the application inside the working environment, the user needs to be logged into the system and registered with the IMEI code of the used mobile device. Using the built-in QR code recognition module, the user has the ability to scan a certain QR code and retrieve information from the system. The mobile application is divided into several sections depending on the hierarchical placement of the employee who uses it. In the first hierarchical position, employees can only read data on their mobile device from the central database. Employees in the second hierarchical position can also record database data using the mobile application and feed the system with data for generating reports. In addition, in order to increase security, an employee authentication application has been developed. Before using the mobile application, it is necessary for the employee to login using the pin generated by the authentication application. The authentication app serves only during active working hours of the user. In this way, the company is protected against the outflow of confidential data from mobile devices outside working hours. After the end of active working hours the application is practically non-functional until the next working day. Figure 6 shows the visual representation of the solution for an active working session. 
Setting up the system for integrating QR codes in underground mining industry
The development of the computer/smartphone application with the database is followed by the installation of the application to the smartphone devices that will be used inside the mine. Due to the implemented method in this system, the update of the database will be executed after the workers leave or enter the mine, that is, on the placed hot spot with the installed WI-FI network device. This system with an external update of the database is set due to low cost. The underground mines that can set up an internal communication system where wireless WI-FI devices can be installed in certain places can significantly improve this work methodology. Figure 7 shows the proposed system for integrating QR codes in underground mining industry. 
Application and Integration of QR codes in underground mining industry
Three scenarios for application and integration of QR codes in underground mining industry will be presented in this paper:
1. Training video for setting up self-rescue apparatus in case of fire, 2. Identification of workers and their safety training, 3. Technical documentation of the equipment/machinery.
Below is an example of the three scenarios that was tested in the underground mine for lead and zinc "Sasa" in R. Macedonia.
4.1.1 Training video for setting up self-rescue apparatus in case of fire Self-rescue unit is an apparatus that is used in the underground mining industry in case of emergency scenarios, like fires or release of toxic gases that contaminates breathable air in the surrounding atmosphere. These apparatuses are the first line of defense by providing oxygen in a closed breathing cycle, allowing personnel in emergency situations to facilitate their evacuation. History has shown that properly trained personnel will be more capable of utilizing this life support equipment.
In case of an emergency, the proper installation of the self-rescue apparatus is crucial for safe evacuation of all employees. By placing the QR code on each self-rescue apparatus, we can be sure that in case of an emergency situation, each employee, by simply scanning the QR code on his smartphone device, will receive a short video animation for the proper installation of the self-rescue apparatus and for its proper use. Figure 8 shows a QR code that is associated with a database where a short video animation is attached which describes the proper installation of the self-rescue apparatus. This key information is available by simply scanning the QR code with a smartphone device at any time and will simply display all the necessary information that is pre-installed in the database and associated with this crucial safety information. Due to the specific working conditions in underground mines, it is of great importance for each supervisor to have available information about every worker, together with all data related to his expertise and safety training. By creating and uploading a personal profile in the database that contains all the necessary information about a worker, by simply scanning the QR code attached to his hard hat each supervisor can obtain data about the employee and, according to their expertise, deploy them to their respective jobs in the mine. The personal profile of the worker can contain several fields, from the level of their education to pronounced prohibitions for work with certain mechanization. Setting up this system can also save time for searching the information about workers through archives and getting the necessary information in just a few seconds. Figure 9 shows an example of identifying a worker with a list of his personal work profile and his certificates for safety training. By placing QR codes on equipment/machinery, each worker can receive video demonstrations for safe work with the equipment/machinery and all the necessary technical documentation. With this system for instant retrieval of key information for every equipment/machinery, safety at work can be significantly increased and unwanted injuries can be avoided. This part of the system scenario can be extended to the section for obtaining documentation that will give a list of previous repairs and replacement of parts so that the profile of the equipment/machinery can be seen at any time. Figure 10 shows an example of a QR code that shows the technical documentation of the machinery. 
CONCLUSION
The development of the smartphone technology is spreading around the world at a very rapid pace and therefore there is a great demand for tools such as QR codes that can help users to get data and information in a much easier and faster way.
This paper presents a prototype model of QR code integration in underground mining industry using smartphones, as well as three scenarios for its application. The implementation of this system in the underground mining industry offers benefits in many areas:
• obtaining data and information that at a specific moment can be of crucial importance for safe execution of the given work activity, • obtaining information in the form of video instructions. In this section, the QR codes have a wide range of implementation in the area of safety at work, • obtaining information in the form of technical drawings for successful and accurate work operation according to all set standards, • identification of each employee with an overview of the work profile, which can at any time provide information on the expertise of the employees so that they can be assigned to an appropriate work activity that corresponds to their expertise and prior preparation.
The possibilities of implementing the system that can be installed in every mine proposed in this paper are enormous. This system offers improved work efficiency, better organization in operation activities, it increases work safety, etc. The uniqueness of this proposed system lies in its financial viability and easy adaptability to the existing IT infrastructure of any mine.
